NAYIONAL ADTISORY COMMITTEE FOR AERONAUTI CS.

i S oty ol L?

MAPS AND RAVIGATION METHODS.
By A, Duvsl.

From "Premier Congrés International
de le Navigation Adrienns,"
Paris, November, 1831.

FEINS
U Gt el oA
To ke cetuined 10
th §:570F the LT gley
Memorial Aeronausical
Laboratory.

March, 1922,



Wi
. 31176014394978

MAPS AND NAVIGATION METHODS.*

By
A. Duval.

Before undertaking eny voyage, however short, the asriel
navigator provides Limself with the nscessary maps. Thils is an
easy matter in our country, where there is & wlde cholce among
ths various maps published by the CGeographioc Seotion of the Army,
the Department of the Interior and the Aero Club.

When it is s question of & trip Into a foreign ocountry, the
case is no longer the same. In some oountrlias the only existing
man3 are incorrect or poorly edited, while in others they are
comperanle wlth.ours, but French navigators, not veing acocustomed
to Sheir scales, nor to thelr colors, nor to tkheir special nanner
0”2 presentation, do not find them conmvenient. Reoiprocally, for-
elgners experience the same inconvenisnce in using our maps.

The most commonly used mep is drawn on the scale of 1 : 3C0,CO00.
Thls glves the most Gstells of interest to the avlator, without
taking too muok vaper. Ths 1 : 1,000,000 scale is useful for long
voyeges. It is always best o ocarry the co-rresponding maps on the
1 : 300,000 soale, for the aerial navigator sometimes has ooccaslon
to identify detalls not shown on the 1 : 1,0C0,000 map.

These two maps are nct speclally zmade for aviators. It seams
therefore that the solution of the problem hes nrogrsssed nardly
anv elnoce .Hr. Lallemand, member of tke Institute, asked for the

oreation of aviation maps. This delay is explained by the fact

* From "Premiex Congrds Interrational de la Navigation Adriepns,"
Pp. 150-155, Paris, November, 1931,
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that during the war tha existing maps (1 : 3C0,00C of the Geographk-—
13 Section of the Army, and 1 : 186,730 of the "Ordomnance Survey")
were satisfactory to the aviatorsof ths allies, who flew in re-
strioted sectors and seldom made long voyages.

How the :eqm:amant.a of oivil aseronauvios, tha oxlef Qbjeoct
of whioh is to make voyages, are -differernt and depend on avistion
1eps. This fact 31d not ssoape *he aitention of the experts who
drew up the internationsl agreement of Ootober 13, 1919, contalnirg
regulations for aerial navigation. Annex F, of this agreement or
asonvention, made provision for various intsrrational aviation maps,
~hich the contracting countries will publish witkin & few yvears.
Already three of the most enterprising nations have agresd on the.
datalls of execution, as we shall see further alorg. '

Anywey, it 1s not out of place to ocall attention to the sccpe
of the task underteken, as well as to the valus of the preliminary
work accomplished since 1918, If the aviators, who are wanting
aviation meps worthy of the name, had any idea of tha work accom-
plished, their very natural impatience would be less rrompt to man-—
1Zest 1tself,

Unt?.er the respective designatlions of normal maps and general .
maps, tioe convention establishad two types of international avlia-
sion maps. In vrinciple, they must be made according to the rules
adopted for the 1 : 1,000,000 map of the world, wlth the metric
system of meesurements. ZEach country, however, has the privilege

vo 2dd its own units of measurement to ths maps 1t publishes.
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After dishussion during the Engliash-French—-Belglan conferences of
of 1930 ard 1931, tks detalls of the conventlional symools were
f£ixed. Bince thelr expositlion lies outsids the scope of +this aiti—
cle, we will corfine ourselves to a general desoription of the two
kinds of maps provided Tfozx. -

General riepg.~ The gengral map ls made acoording to Mezcator's
projeotion, one degree of longitude being represented by a length
of three centimeters, whioch gives, in our latitude, an average
scale of ebout 1 : 3,000,000. ZEaoh folio containe a complete num-
ber of the sections Qf the map of the world on the 1 ' 1,000,000
scale, which is generally nine for latitudes below 60°, 8ix end
even three for higher latitudes. FEach side of sach shest co&ers 1°
in latitude by 3° in longitude. There Is a2 obmmon.portion on ad-
Jaocent sieets, which facllitaetes the passage from one sksat %o the
rext.

The relief is indicated by hypsometric tints supplemented by
altimetrio figures and, where there is occasion for it, by & slight
shading. This method of representing the ralief is ir conformity
witk the 1 : 1,000,000 map of tie world. It enables the aviator to
choose instantly, without risk, the altitude of safetr, in cass of
poor visibility. Any repressentetion of relief, acoomplished simoly
by means of shading snd altituds figures, does not offer this ad-
vantage, since the navigator must read all the altitudes of & Teglo:
in order to determine the altitude of safety. He runs the riak of
overlooking tkat of the sum»it, against which he is in danger of
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crashing. The necesslity of judging the altitvde of the whole re-
zion led to tiie use of ypsometric colors for trhe general map.
$ 1c omltted on the normal maps, where each sec;';.‘..on bears on itas
margin the altituds of the highest poinb aad of the lowest point
in the reglon represented, The rellef of the normal map is ealso
shown by shading. .
Lasgtly, general maps are only provided for oontir_tents. Avia~
tion maps are not necsssary, in fact, Zor the oceans, for which 1_;he
aeronaut will use marine maps. based on Mercator's projection.
Hormal meps.- These sre published on the soale of 1 : 300, 000.
The kind of rrojeotion is not etipulated. This is beocsuse, on *the
one hand, the various projections differ but 1little on this scale .
and because, or the other nand, of the grea._'b advantage of b_elng
able to maks use of much existing cartographioc msterial.’
Eack seotion of the normal map embraces 1° in longitude and
1° in latitude. They will doubtleas overlap ons anoihar by sever-—
al) kilometsrs. The relief is indicated by stading, supplemented
by sltimetric figurves.
Higoellapeons mapsg.~ The object of the convention was to oreats
& set of identical aesronautioc meps for the whole globe. 4side from
these standard maps, the aerial navigator mey use anv others. Let
u3 nots, 1n passing, the 1 : 3C00,00Q map of C-pi. Hebrard and Lieut.
Robbe, on which the roads sgtand out ligkt against 2 dark background.
The advantages of this method will be ::anif.ea‘lb, vwhen night flights

become Ccommon,



Maps are indispenseble for the aviator. Thelr comception,
bowever. depends on ths rethode employsd in eseriel narigatior,
wniok we will now endeavor to set forth.

"To navigate 1s to go from one point to arother by tte short~
¢t and eesiest route." This a.pplies o both water and airoralt.’

Aemial novigetion, although freely accomplished in three 4i-
mensions ‘with ce~tain restrictions in the vertical directicn) is
in &1l points comporable witk maritime nevigation. On the contra~
Ty, it is not oomparebls with the means of land trensportatlon.

In faoct, there are two methods of navigeting an aircraft:

i, To fly witk contimuocus meference to landmarka;*

3. To take a2 direot routs by the compass, with only oocé.s—
ional reference to the ground for detsrmining the posltion of tae
alreozaft,

The former method, whioch is chronologlcally oldex, is stlll
comr:onlr employed. Although comprehensible in the beginﬁiﬁga of
aviatlion, when only the rilot was on boerd and tie vovages wers of
ghort duzetion, 1t is nov an anackromiem. "o be compelled to fol-
low & zallway or a river 13 a loss of tira. This xethod is, more-
ovar, not very safe, for as soon a3 the pllot loses 4cis "srrezd of
Arladne,"” he is loat. Frrors have basn freguent at cross-roais

and junctions. ILastly, it is well to rote the denger resulting

* Soize eutiaors make e distinction between following a contim:oue
re.ferenoo line (highway or -ailroad) arnd flying from one refere:ce
voint to another by comparing the ground and the map: This is a
dlstincticn without a difference, eince in oloudy waathsr they lead
to the same rasult, flight nsar +he g-ound.
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from this practice, Oa a given aerial route, all tke pllots would
_ follow, in olcudy veatner, exactlr the same lsndmarks, thus craat-
ing great risk of ocollisioms.

The second msthod, successfully empioyed on alrplanes and als-
ghips by several orews, has stood the “est for denturiss in all
novies. 1t is thereforse no novelty, but merely an adaptation. By
means of the compass, the pilot steers the alrcraft in a oonstans .
direotion with reference to tlLe meridian. Tte path thus described
is a loxodromic or rrumb lins. .

Hence, to steer by compass is to describe a loxodromic ourve.
Tos zilot only ne=ds to chooss the ons whish oon‘neots his stariing
polnt with hic destination, and tren to make sure from time to time
that ke Zas not dsparted from it end, lastly, to verify his spsad.

Toe use of the compass renders it possible tc follow tke most
direct zoute between two poirts and especially to loss oigkt of
land without inconvenience, for a certain lengtn of time. At any
instant, the navligator ocan 3staermine his position by "dead ~“eoior-
ing," with the aid of his ebsolute spesd and tae tirs elapsed.

The zocuracy of this method depends on the rilot's skill in
using hls compass 2nd on the exactness-of rilas knowledge of the dzta
employed, nemely, the angle of the route followed and the absolute’
snesd. The route =ngle is tke angle formed with the meridian by
the loxodromlo trajsctory described on the ezrth by she aizaraft,
~hich is steered with the 2id of tke compase.

As often as possible, this dead —~eckoning will be varifisd by
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obasrvations of terrestial or celasilal reforence points, or other
metinod (radiogoniometry, stc.).

Usually the wind oauses the airplane to drift (uniformly, if
the wind is regrlar). The angle between the &xls of the airoraft,
called the course, and the route aotually followed is the angle of
drift. The »ilot must therefore endeavor to determlne the course
to be adopted so that the drift will cause him to follow the loxo~
dromioc line traced on the map. Practically, for holding the air-
craft on this course, toe pilot rmet determine opposite what gradu- _
ation of the compass rose he must hold the refersnce mark whioh in-
diocetes the position of the axis of the airplane. Ths compass
course is obtained by correoting the given ocourse by the angle of
"variation." This variation is the algebralo sum of the magnetic
declination (engle formed, at any given place, between the geogra-
phio'and magnetic meridians) and the deflection ozussd by the iron
of the airoraft, which affeots the magnetized compass needle. The
declination is always exactly known. 4s to the deflesction, an en-
deavor should be nade to eliminate thls once for e£ll by "compensea-
tion," the explanation of whioch lies outslde the scope of the pres-
ent article. It is a very simple and practiosl operation. Then
properly exsouted, the residual deflection is very emall (1° to 3°)

and the direotive force of the compass remalns constant for differ-

ant courses. -
The only difficulty encountered in following a loxodromioc or
roumo line is therefore the determination of the angle of drift.
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By means of aerological soundings, tals is sasily ceterminad be-
fore starting. The data for ocalculating the course taen remain
exact 80 long as *he wind does not vary. If the wind 1s found %o
snange, it becomes necessary to change the course etesred or be
driven off the true route. During tahe voyage, the nayigator muat
auploy one of the two following methods for determining the drifi.

1. Determination, on the map, of two successive positions
of the alroraft and of the exact route followed between these vo-
sitions. '

3. Instantaneous measurement of ths drift by tLe observa-
tlon of some point on the sarth.

The firet method wtilizes what some call “na#igation by oo-
servatlon,” in which tke navigator steers by oaloulation, which he
Tectifies by every ovpservation made. Hs thus describes & serles
of loxodromlic linss, each one starting fror the last point oo—
served. ‘

The second rmethod of measuring %he drift necessitates a brief
view of the earth, without i1ts being necessarr however %o identify
any given reference point. It consists in measuring the angle
formed by the apparent motlon of the reference point and ths coﬁrse
cf the alroraft. This measurement can be made, -even when the ref-
sr3nce point does not pass directly under the alroraft. Tke
S.T.Ae. (Technical Section of Aeronsutics) drift-meter ani %hs
.2 Prieur "navigraph" are based on this prinoiple. Horeowsr, the
ra3s8ultes are faithfully nreserved, which conatitutes a great advart-

age, since two sucoessive drift measurements with different ocourses
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zive the magnitude and direction of the wind.

The ebsclute ppeed is measured: elther by noting the time .
saken to traverse the distance between two observed points, ~hich
=7e shown on the map; or instantanecusly by making measursments
-7ith reference to a single point, whioch does not need to be iden-
tified.

For utilizing the latter method, we may employ the navigraph,
the 8.T.Ae. drift-meser, or the Le Prieur "ocinemograph.”

In the S.T.Ae. drift-meter, there ars two signiing wires, ad-
justable in altituds, which intercept a base of 500 km. on the
ground. The navigator sights & reference point and measures witkh
& chronoz—eph the time of passage from ons wire to the other. An
abaocua zives the absolute speed in X=m/hr.

In ths Le Prieur oinemograph, the sighting 1s doné with the
aid of & slide cerrying a stylus whioh traces & lins on & rpapsr
moving vertiocally with a uniform spsed. These corbined unifornm
motione give a stralght line, the inciination of which is a funo-
tion of the altitude and of the speed. The errors due to changes
in the trim of the aircraft are eliminated by the fact of t:e
graphic inscription.

In the navigravh, the absolute spead is obtzined by the auto-
metic rroduotion of the triangle of velocities, of which the sides
"alr speesd" and "wind" are known, as also the angle of drift.

Observation point.- This can be obtained by watching the
ground. The navigator either identifies some referernce polnt va-

der him or determines his position witkh the ald of distant refer-—
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efce yoints.

When the ground is not visible, the observatior point is
fourd by observing tne e.ta.:'s, according to nethods similar e
those employeé at sea. Unfortunately. the mariner's sextant is
not utilizable on airoraft ‘and mo cther ins%zrument has thus far
afforded any practl oal solution of the proolerm. I-:or wart of an
astronomioal point, the aeriel navigabtor can utilize radliogonion-
stry. _ - -

The preceding exposition sh.ows that loxodromy 1s t].:xe basls
of aerial navigation. The ideal map for asrial na.vigé.tion is
therefore the ons on which all the loxodromes a~e rerresented d¥
atraight lines and their angles with ithe meridiams. Only Yerca-
vor's projeotion will answer these requirsments. Its use for gen-
erail asronautic meps is therefore fully juclifiad. |

As regards utilizable routes 1n aerial na,viga.tion, we Lave
purposely omitted orthodromy (sailing on “he arc of g greatb oircle)
The aroc of & great circle 1s in fact the skortest way bstween e.n;r
two points on the earth's surface and would therefors see-m profer-
able %o loxodromy., This advantage 1s Lowever only teoretiloal,
sinoce for all points less than 1000 ¥xm (633 miles), “he differsnce
between the orthodrome and loxodrome is negligible (about 1/3C0).
Jow, the stops, the obligaiory points for orossirg frontiers, and
natural obstacles impose an itinerary, whose sections rarely aitain
1000 km., These sections are therefore loxodromes.

There remains the employment of orthodromy on very long trips.
Here agalin flight on the zrc of a great circle does rot m=ke gcod
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148 promises. If the points of departure and arrival are or the
same parallel of latitude, the vertex or culminating point of the
ourvs 1s near tho pole end hence climatio conslderations prevsnt
125 utilization of the most important part of the ideal cuxve.

If the points of departure and arrival are almost on the same me-~
ridian or near the squator, the orthodrome and loxodrome differ
but 1istle. It should be noted, moreover, that the only method
for dssoribing a great oircle consists in resolving 1t into a ser-
ies of suwmoessive loxodromes of about 1000 km, which are followed
by means of a ocompass. '

The aro of a great olrcle therefore serves to determine an
itinerary. There is no need of speolal maps for this purpose,
ainoce lr. Fave, a member of the Imstitute, has invented s repid
and simple method of %racing the aro of a great circle on a Merca-
tor map. The employment of the Fave abacus enables the serial
navizator to determine instantly and sccuratsly the pcints through
7alch an arc of a great circle passes by simply moving over tae |
mer a transparent sheet on which is traced a whole series of surves
reprssenting the projeotion of wvarious great oiro}ea whose vexrtioes
are on any glven meridian.

In oconclusion, we may say that, on the one hand, the question
of aeronautic’ maps 1s progressive and is following its normal
ccurse; 7hile, on the other hand, the empirical methods of asrial
navigation thus far employed are retrogrsssive, slow and Gangerous
¢nd should be replaced by scientific methods of navigation, based
or loxodromy and the use of the compass.

Translated by the National Advisory Committee for Aeronautios.



